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The results of an investigation of a 1/6-scale model of the Bumble—
bee XPM missile to determine the causes of booster~fin fallures on the
full-scale missile are presented. The Mach number range was 0.20 to 0,94,

and the corresprnding Reynolds number range was 525,000 to 1,555,000,
based on the body dlameter. It was concluded that the fallures of the

fins wore due to lawnching shoes which caused the missile to trim at
increasingly negative angles of attack as the Mach nwmber lncreased up to
0.86. TUnder these conditions, the booster fins apparently became over—
loaded to the point of fallurs.

Additional tests were made with wing spoilers and alternate booster
fine to determine thelr effect on stebility., The wing spollers werse
effective in increasing the stability except at low Mach numbers and small
angles of attack, The alternate booster fins Increased the stability by
an smownt equal to a neutral-point shift of 6 percent of the total missile

length,
INTRODUCTION

The launching of the first full-scale Bumblebee IT V—3 (ZPM) test
vehicle from & remp was successful and normal accelerated £light occurred
for sbout 2 seconds. At this polnt, all four booster fins were torn loose
from the booster body in less than one—thirtieth of & second. From the
analysis of flight data i1t was thought that the fellure occurred at a Mach
number close to 1.0, and that the angle of attack incressed markedly prior
to fallure. Careful study of the data and the recovered components indi—
cated that possible causes could be: (1) a large decrease in longitudinal
stabllity just before failure, and (2) progressive twisting of the booster
fins due to torsional weakness. As a result, a second.test vehicle on
which the torsional rigidity of the fins was greatly increased was launched.
The results were identical with those for the first vehicle. The large
torsional rigidity which was built into the fins ruled out fin torsiomal :
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weakness as the primary cause bf failure, Consequently, the basic cause
was thought to be the decrease in longitudinal stability,

In order to investigate the reason and possible remedies for the
booster—fin failures, and to obtain detd at & reasonably large Reynold.s
number and at speeds close to sonic, tests of a 1/6-scale model of the.
Bumblebee XPM missile wers conducted in the Ames l6-foot high—speed wind
tunnel, These tests were made at the request of the Bursau of Ordnance,
Department of the Navy.

Additional testls were made of the model with wing incldemce varied,

with wing spoilers, wlth alternate booster fins, and in various rolled
pogitions to determine the effect of these varisbles on stabillty,

NOTATION =~ = ° _—

The coefficients used in this report differ from the standard nomen—

clature in ‘that the body—crose—sectlon area is used instead of the wing
area, the migslle length is used in place of , ‘the wing mean aercdynsmic
chord, -and the body dlameter 1s used ‘in calculating Reynclds number.

Cn pltching-moment coefficient about the center of g;ravity m)
(Center of gravity at 0.598 1 with short booster, 95t
0.565 1 with long booster) _ .
normal-Force coefficlent K )
Mach number

normal force, pownds .

pressure coefficlent <E—2>

*d?l:!éi

g

critical pressure coefficlent . - = ... ., o . e
/

Reynolds nimber K%)

area of body cross section, square feet

free—stream velocity, feet per second

A <4 wm W

body diameter, feet S

1 body length (including booster), feet-

(Body length with short booster, %.97 f£t; with long booster, 5.41 ft)

ho] local static pressure, pounds per sguare; foot
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P, free—stream static pressure, pounds per sguare foot
q dynamic pressure < % pV2> , pounds per square foot

s angle of attack of body center line, degrees

angle of attack for trim, degrees

v kinematic viscoslity, square feet per second

p density, slugs per cublc foot
. MODEL: ARD APPARATUS

A 1/6-scale model of the Bumblebee XPM missile was supplied by the
Appllied Physlice Iaboratory of The Johns Hopkins Unlverslty for these tests.
The basle dimsnsions of the model are given In figure 1. Figure 2 is a
photograph of the model momted in the Ames 16—Loot high—speed wind tunnel.

Forces on the model were msasured by mesns of strain gages mounted
on the sting. Wilth the strain gages mounted as they were, it was possible
to ascertain only normsl force and piltching moment, The angle of attack
of the modsl was measured by optical means,

Two booster lengths were provided: modification IT (short booster)
and modification ITT (long booster). The contractor!s nomenclature for
the booster lengths has been used here; however, in the remainder of
this report, modifications IT and IIT will be referred to as the short
and long boosters, respectively. The short booster was provided so that
the configwration that failed in flight could be tested; however, the
long booster has since superseded the short one,.

TESTS

The investigation was conducted at Mach numbers from 0.20 to 0.94 and
corresponding Reynolds nmumbers from 525,000 to 1,550,000 (based on body
dlasmeter), as shown in figure 3. The maximum Mach numbers cbtained were
limited by the power available to the wind tumnel.

Tests were made of ths orlginal model with various launching—shoe
positions, including symmetrically mounted shoes. The optimum shoe posi—
tions were .then used on the revised model during tests of wing spoilers,
of various wing incidences, of alternate booster fins with the missile—
booster combination in rolled attitudes, end of the missile rolled relative

s



b aomrrmenr T, NACA RM A50T11

to the booster. The short booster, hoistiné luge, and launching shoes
of the original model were replaced by a long booster, modifled holsting
lugs, and lsunching shoes on the revised model.

Constriction corrections were applled to the tunnel-empty calibra—
tion according to the methods of reference 1. Tunnel-wall corrections
were not applied since they were within the accuracy of the data.

RESULTS AND DISCUSSION

This section is in two parts: The first covers a discussion of the
results of tests to determine the causes of the fin fallures on the
original missile, and methods developed to alleviaete these fallures; and
the second part covers a discussion of the results of tests of the
revised model.

Aerodynamic Characteristics of the Origifal Model

The first model tested in the Ames 16~foot high-speed wind tummel
represented the Bumblebee RTV-N-6e (XPM) missile. The results indicated
that at 0° angle of attack there existed a positive 1lift (except for
Mach numbers below 0.70) and & negative pitching moment (figs. 4 and 5).
The trim angles indlcated by extrapolation of the pitching-moment curves
decreased from —0.9° at 0.2 Mach number to —6.7° at 0.88 Mach number,
then increased to —4.9° at 0.94 Mach number as shown in figure 6. With
the exception of the holsting luge and leunching shoes (fig. T), the
model was symmetrical. To check the effects of alr—stream angle, the
model was tested in an inverted position. The results (figs. 4 and 5)
ghow & positive pitching momsnt equal in magnitude to the negative _
pitching moment experienced in the normel position, thus conflirming the
asymmetry of the model charecteristicsa.

Since the holsting lugs and launching shoes were the only unsymmet—
rical parts of the original model, they were removed and tests were
madeé The date shown in figures & and 5 indicate essentially zero moment
at 0~ angle of attack for this condition; the small negative pitching
moment and normel force that did exist can be attributed to slight
migalinements of the model. The trim-angle change with Mach mmber faor
the original model less hoisting lugs and lsunching shoes, as shown in
figure 6, 1s at most —0.6°. The previously mentioned trim angles are
based on the locatlon of the center-of—gravity position at zero Mach
number. The center of gravity of the full-scale vehicle moves forward
linearly as the Mach.  number increases, the distance moved in inches
being equal to 12.5 times the Mach number. Applying this relationship
to the wind—tumnel data increases the trim angle as shown in figure 6.
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The normel-force and stability parameters dCy/do and dCp/dCy

are presented &s a function of Mach number in figure 8, and are the
average slopes near zero normal force. In general, there was a slight
decrease ln stebllity as the Mach number was increased. The normel-
force parameter dCN/dn. remained essentlally constant up to a Mach
number of 0.70, then incremsed. Removing the hoisting lugs and the
lsunching shoea hed 1little effect on the normel—force and stability
parsmeters dCy/da and dCp/CR-

The relative 'ralues of the positive 1lift and the negative pltching
moment existing at 02 angle of attack with the holsting lugs and the
launching shoes in position indicated that the pitching moment might
have corigineted from a 1ift force in the vicinity of the booster fims.

A test was therefore made with Just the rear launching shoes in position,
end the data (figs. 4 and 5) show thet the negative pitching moment at

0° angle wae the same as for the model with the holsting lugs and launch—
Ing shoes 1n plece. This comparison Indicated that the negatlive pitch—
ing moment wes caused by the rear shoses.

The results of tests with the rear lsunching shoes faired are also
shown in figures 4 and 5. Falring the shoes eliminated the negative
pltchling moment at 0° angle of attack at a Mach number of 0.70, but at
0.85 Mach number the effect was only to reduce the negative pltching
moment to about half what it was with the shoes unfalred.

To obteln a more complete understanding of the effect of the rear
launching shoes, two rows of statlc—pressure orifices weres installed on
the alternate set of booster fins. The alternate booster fins differed
geometrically from the stenderd fins (fig. 1); however, the interference
effects of the launching shoes should be similar to those wilth the
standard fins. FMgure 9 is a plot for 0.85 Mach number of the pressure
coefficlents obtelned at two spanwise stations from tests with and
without the holsting lugs and launching shoes 1n plece. The decrease in
the negative pressures on the lower surfsce forward of the shoes
accounts for the positlive lift and negative pitchling moment.

Aerodynamic Characteristics of the Revised Model

As &8 compromise between the best serodynamic design and the launch—
ing requirements, the shoes and lugs were faired and the reaxr shoes were
moved forward of the fin leeding edge. The two slingle holstlng lugs
were changed to two double lugs and were placed dlametrically opposite
the launching shoes and mede serodynemically similar to the launching
shoes. Figure 7 is a drawing end figure 10, a photograph showing the
original and new shoe and lug positions:

.
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The data for the revised model, using these launching-shoe and
hoisting-lug positions on the long booster, are shown 1in flgures 11
through 13. In general, there was no significant pltching moment or
11ft present at O° angle of attack. A trim apgle of about —0.5° existed
throughout the Mach number range, &s shown in figure 13. This amall
trim engle was probably due to slight misalinements of the model. The
normel-force parsmeter as & function of Mach number (fig. 13) remained
about constant up to a Mach number of 0.90, above which 1t Increased
slightly. The stabllity was sllightly lese than Iite low-speed value as
the Mach number was increased up to 0.85, above which it decreased .
rapidly. The results of tests wilth various perts of the revised model
removed are also shown in filgures 11 through 13.

The results of changlng the incidence on. two diametrically opposite
wings are shown in figures 14 through 16. The normal-force character—
istics shown in figure 1k for wing incidences of 2° and 4° with the fins
in the normal position, and 4° with the fins rolled 45°, are the same
as those for 0° wing incidence except for a small decrease in the angle
of attack for zero lift. The stability was the same for all the wing—
Incldence tests at normel-force coefficlents near zero. The stabllity
increased rapidly above a normal-force coefflcient of about 4.5 for the
2° wing incidence, and increased rapidly above a normal—force coeffi—
clent of about 2.5 for the 4° wing incidence. The trim angles as a
function of Mech number for the varlous wing Incidences are shown in
figure 16. The trim angle increased roughly 2° for each 2° increase in
wing Incidence. The trim angle incressed throughout the Mach number
range. Rolling the booster fins 45° had 1little effect on the trim angle.

Since the cause of the flight fallures was originally thought to be
lack of stability, the model was fltted so that various methods for
increasing the stability could be investigated. Even though it was
found that lack of stablillity was not the cause of the flight fellures,
teste of these methods for increasing the stablllity were made and are
reported 1n the remelnder of this discussion. The results of tests of
spoilers on the wings (fig. 17) are shown in figures 18 and 19. The
narmal-force results (fig. 18) are similar to the results without
spollers except for a slight decrease in the normel-force parameter.
The stability was Increesed except at the low Mach numbers andéd smell
angles of attack.

Date for tests with the missile rolled 22.5% relative to the
booster so that the mlissile tails were in line with the booster flns are
shown in figures 20 and 21. The normal-force data were not altered by
the change except for a slight decrease 1n the normal-force parameter,
which was probably caused by the change In the. tall wake acting on the
booster fina, The stabllity was about the same for both conditions.

QARG
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Dats for the complete model, including the booster rolled 45° and
90 are shown in figures 22 through 24. The normal-force paramsters
for the mbdel in the rolled positioms incressed wlth increasing Mach
number. For the 45° position, however, at 0.9 Mach number, the normel—
force parameter for this position decreased to below that for 0° roll as
shown in figure 24. The stability parameter as & function of Mach
nunber (fig. 24) for the 45° roll was sbout the same as for the O° posi-—
tion up to a Mach number of 0.85%, above which the stability increased.
The stgbility for the 90 posltion decreased throughout the Mach number
range, decreasing more rapidly ebove 0.85 Maech number.

The results of tests wlth the alternate booster fins are shown in
figures 25 end 26. The dimensions of the fins are shown in figure 1.
The normal-force and stabllity pearamsters are shown as a function of
Mach number in figure 27. The stebility for the model with the alter—
nate booster fins was greater than with the standard fins by an amount
corresponding to & neutral—polnt shift of 6 percent of the total missile
length. There was 1ittle change in stebility with M=sch number up to
0.88, above which the stability decreessed rapidly. The normel—force
parameter was Increased an average of about 20 percent with the use of
alternate booster fins.

CONCLUDING REMARKS

It was concluded that the fallures of the booster fins on the
Bumblebee missile were due to launching shoes whilch caused the missile
to trim at Increesing negative angles of attack as the Mach number
increased. Under these conditlons, the booster fins apparently becams
overloaded to the point of fallure. (Subsequent to the tests reported
herein, 1t has been determined that the torsional deflection of the
missile wings also contributed to the failure of the booster fins.)

A deslgn was developed for the launching shoes and holsting lugs
which eliminated the adverse effect on the plitching moment. It con-—
gisted of feired shoes and lugs, with rear shoes moved forwerd of the
fin leading edge. The single hoisting lugs were changed to double lugs
placed diametrically opposite the shoes and made aerodynamically similar
to the launching shoes.

Wing spoilers were effectlve 1n lncreasing the stabllity except at
low Mach numbers and smell angles of attack.

The elternate booster fins lncreased the stebllity by an amount
equal to a neutral point shift of 6 percent of the total missile length.

Ames Aeronsutlcal Isboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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F)'gure l.— Dimensions of model and component parts.
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Flgure 2.— Photograph of the model mounted on the sting.
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Figure 3.—Variation of the average Reynolds number with
Mach number.



© Original modal.
B Original mode! inveried,
@ Original mogsl less hoisting lugs and founching shoas.
A Original model less hoisting lugs and forward launching shoes.
& Original model less hoisting lugs and forward lounching shoes,
With rear.faunching shoes faired.
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Figure 4.— Variation of normal - force coefficient with angle of attack for the ar)glnal model with
differenl! holsting lug and launching shos arrangemenis.
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© Original model.
@ Original model inverted.
& Original model less hoisting lugs and lounching shoes.
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Figure 5—Variation of normal-force coefficient with pitching-moment coefficient
for the origina! model with different hoisting lug and launching shoe arrangements.

TIIOLY WY VOVN

1931




FPOoDoO

Original model.

Original model inverted.

Original mode! less hoisting iuys and Jaunching shoes,

Original model less hoisting lugs and forward launching shoes.

Original model less hoisting lugs and forward launching shoes,
with rear launching shoes faired.
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Figure 5.—Continuad.
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Normal-force coefficient, Cy
1
Ny

1
&

h 3

© Original model =
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Figure 5— Continued. 5
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Normal-force coefficient, Cy
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(O]

o]

& Original model less hoisting lugs and lounching shoes.
A

Original model less hoisting lugs and forward launching shoes.

M, 0.92 o 094 _ y  |a©
. [~ "
/ﬁ )74 A //
ZAaNdN/ / )

T

(M DAY ARWARY.
A AT
AL g | {]
A '
Wj .
A (7 =/ =2 -3 -4 |
2 0 0 =/ <2 =3 -4

Pitching-moment coefficient, Cm
(d) M, 0.92 0.94.
Figure 5.— Concluded.
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Original model-average of upright and inverted, fixed c. g.
—-—— Original model-average of upright and inverted, flight c¢. g.
——— = Qriginal model l6ss hoisting lugs and launching shoes, fixed c.g.
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Figure 6.—Variation of frim angle with Mach number for the original model.
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Figure 7— Shoe and lug positions on the original and revised model.



Original model.
—-—~— Original model Inverted.
———— Original model upright lass hoisting lugs and launching shoes.
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Figure 8.—Variation of normal-force and stabllity parameters with Moch number for
the original model.
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Figure 9.—Chordwise pressure disiributions on the lower surface of the alternate boosler fins.
a, 0°; M, 0.85.
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Figure 10.— Photograph of the final launching shoe

positions.

TTIOCY WE VOVN

£e







A Revised model.

© Revised model less booster fins.

& Revised model less wings and tails.

B Revised model ess booster fins, wings, and tails.
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Figure [l—Variation of normal- force coefficient with angle of attack for the revised
' modal.
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A . Revised mode/.

@ KRevised model less booster fins.

& FRevisad model less wings and tails,

® ARevised model less booster fins, wings, and tails.
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Figure |2—~Variation of normal- force coefficient with pitching - moment coefficient for
the revised model.
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A Revised model.

@ Revised model less booster fins.

& Revised model less wings and tails.

B Revised model less booster fins, wings, and taifs.
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Figure 12.-Conlinued,
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Figure 12— Concluded.
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Figure 13.—Variotion of normal-force and stabilily porameters with Mach number for the
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b Aevised model E
© Revised model with 2° wing Incidence. £
8 Revised model with 4° wing incidence.
& Revised model with 4° wing incidence and booster fins rolled 45°, §
A Reavised moael with 4° wing incidence less boostar fins. &
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Flgure 14~Variation of normal- force coefficient with angle of altack for the revised model with
various wing incidences.
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b Hevised model,
© FRevised model with 2°wing incidence.
O Revised model with 4° wing incidence.
& Revised model with 4° wing incldance and boostar fins rolled 45*
A Revised model! with 4* wing incidence less boostar fins.
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Figure 15—Variation of normal - force coefficient with pltching-momenl coefficient for the revised
model with various wing incidences.
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b Fevised model.
© fevised model with 2° wing incidence.
8 Revised model with 4° wing incidence.
& ARevised model with 4° wing incidence and booster fins rolled 45°.
A Revised model with 4° wing incidence less booster fins.
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Figure 15.—Continued.
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Figure 16.—Variation of trim ongle with Mach number for the revised model
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Tigure 17.— Fhotograph of (ks spoilers mounted on the wings.
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a Aevised model.
© Revised model with wing spoilers.

6 ! L g )J] 2’
,E( :

TTIOSY WY VOVN

A

-

1)

Normal-force coefficient, Cy

-8 -4 () 4 g
Angle of ai‘faclk, a, deg

l I | I )
o ¢ 7 ¢ ¢ ¢ ¢
for M of 0.20 0.50 0.70 0.85 0.88 0.90

Flgura 18—Variation of normal-force coefficient with angle of aottack for tha revised model with wing
spoilers.
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O Kevised modal.
@ Revisad model with wing spoilers.
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Figure [9.-Variation of normal-force coefficient with pitching moment coefficient for the revised
model with wing spoilers.
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5 Revised model.

@ Revised model with body, wings, ond tails rolied 224°,
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Figure 20~Variation of normal-force coefficient with angle of aftack for the revised mode/
with the body, wings and falls rolled 224°
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m HRevised model
© Revised model with body, wings, and tails rolled 224°,
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Figure 2/—Variation of normal-forca coefficient with pitching-moment cosfficient for the revised
model with the body, wings,and fails rolled 22 z}‘,’
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® Revised model.
©® Revised model rolled 45°.
B Revised model rolled S0°.
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Figure 22.~Variation of normal - force coefficient with angle of attack for the revised mode/
rolled 45° and 90°
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& Ravised model.
Q Revised model roiled 45°,

B Revised model rolled 90°.
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Figure. 23.—Variation of normal-force coefficiant with pitching-moment coefficient for the -revised model
rolled 45° and 907
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—_——— Revised model.
Revised model rolied 45°.
—_— = Revised model rolled 90°.
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Figure 24.~Variation of normal-force and stability parameters with Mach number
for the revised model rolled 45° and 90°
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B ARevised modsl.
® Rev/sed model with alternate boaster fins.
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Figuré 25 —Variation of normal-force coefficient with angle of altack for the revised model with the allernate
: booster fins. '
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o ARevised medel, E
© Revised modsl with alternate hooster fins. 2
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Figure 26—~Variation of normal-force coefficient with pitching - momen! coefficient for the revised
model wilh the ollernate boosler fins.
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Figure 26,—Concluded.
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Filgure Z27.—Variotion of normal-force and stability parameters with Mach number for the
revised model with the allernate boaster fins.
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